Irrigation water can serve as a vehicle for transporting pathogenic microorganisms, and numerous cases of bacterial infections from consumption of irrigated fresh produce have been reported in recent years. Chlorine-based disinfectants applied when produce is packed are widely used to control microorganisms. When applied properly, the chlorine products are effective.
INTRODUCTION
In recent years attention has been focused in ways to improve the microbiological quality of fruits and vegetables, particularly on disinfection methods to eliminate human pathogens from fresh produce surface. The number of epidemic outbreaks associated with fresh produce has increased (Tauxe et al. 1997; NACMCF 1997; DeWaal et al. 2000) , attributed principally to sprouts, lettuces, cantaloupes and tomatoes (NACMCF 1997; DeWaal et al. 2000) .
Among the principal pathogens are Escherichia coli O157:H7, which in 1996 caused the largest recorded outbreak in which 6,000 cases and 17 deaths occurred due to the consumption of radish sprouts (Beuchat 1996) ; Salmonella spp. present in fresh produce, including tomatoes (CDC 1993) , cantaloupes (Blostein 1993) , and bean sprouts (Beuchat 1998) . Shigella, Cyclospora cayetanensis, Hepatitis A and Norwalk virus have also been detected in fresh produce (Beuchat 1996; NACMCF 1997) .
In the past, data about the efficiency of disinfectants was scarce on fresh produce; it was limited only to establishing that the reduction a disinfectant could reach was from 90 to 99% (Beuchat 1998; Brackett 1999 One of the most important activities in the agricultural industry is the search for new technologies that minimize fresh produce contamination. Chlorine is the most used disinfectant in packinghouses since it has the capacity to reduce the presence of pathogenic microorganisms, however there are certain disadvantages, which have lead to the search for new disinfection alternatives.
Quaternary ammonium compounds are widely used as disinfectants, antiseptics, pharmaceutical products, and cosmetics and could be an alternative in fruit and vegetables disinfection. All quaternary ammonium compounds (QACs) are cationic compounds that possess a basic structure (NH 4 þ ). These compounds penetrate into the bacteria cell wall, reacting with the cytoplasmic membrane inducing wall lysis caused by autolytic enzymes (McDonnell & Russell 1999) .
QACs are more expensive than chlorine and its derivatives, but they have numerous qualities that make them an attractive alternative for washing fruits and vegetables: they are less affected by organic matter; are not corrosive except at high concentrations; they are stable even in diluted solutions and concentrates, can be stored for a long time without losing their antimicrobial activity (Bougeois et al. 1994) .
Disinfectant efficiency depends on the type of microorganism (Lisle et al. 1998) , concentration, contact time, turbidity and temperature (Michael 1991; Bitton 1994; LeChevallier et al. 1988; McDonnell & Russell 1999) .
These factors interact affecting the efficiency of disinfectants. Therefore, to minimize bacteriological risks it is necessary to identify the optimal conditions in which a disinfectant can act at its maximum capacity. A bacterial reduction of 6 log 10 is needed to establish a disinfectant as effective (Geldreich 1996) .
The objectives of this study were: a) To determine the capacity of reduction of quaternary ammonium compounds 
RESULTS AND DISCUSSION
The results are expressed according to Geldreich (1996) who established that a disinfectant is effective when it reduces a 99.9999% of bacterial concentration.
Escherichia coli
The Analysis of Variance showed that the interaction between disinfectant concentration-turbidity and disinfectant concentration-turbidity-time resulted highly significant on the bacterial reduction.
The treatment with the greatest reduction in E. coli and the only one that presented significant differences (P ¼ 0.01) compared with the rest of the treatments was 100 mg/L -100 NTU -30 seconds, obtaining a reduction of 20.78% (Table 1) Downloaded from https://iwaponline.com/jwh/article-pdf/5/2/329/396720/329.pdf by guest obtained a reduction of 60% in 30 seconds using chlorine against environmental strains of E. coli as well as serotype O157:H7.
When comparing the interaction turbidity and time, there were only detected significant differences (P ¼ 0.018) between 100 NTU and 30 s against the 2 NTU and 30 s and 2 NTU and 120 s treatments, with a reduction difference of 39.58%, again demonstrating the importance of turbidity in the efficiency of the disinfectant on bacterial reduction.
Staphylococcus aureus
S. aureus did not show statistical differences among the treatments (Table 2) . Even more, the analysis of variance revealed that no significant statistical differences existed when contrasting S. aureus reduction and E. coli in every treatment, except to E. coli in the treatment of 100 mg/L, 100 NTU and In general S. aureus was reduced by 99.9996% while E.
coli 88.59%, thus E. coli had a higher resistance to the disinfectant action, which coincides with that described by Michael (1991) , who found that S. aureus susceptibility to cationic agents is greater in comparison to E. coli.
Although certain treatments were not statistically different, the reduction obtained by those conditions would be an important achievement for a commercial packinghouse plant.
CONCLUSIONS
Quaternary ammonium compounds were demonstrated to be an effective disinfectant under most water quality conditions.
The disinfectant effectiveness was reduced by high turbidity (100 NTU) at 100 mg/L; however at 200 mg/L the 6 log 10 reduction was reached.
The effective concentration to reduce Escherichia coli is 200 mg/L at 100 NTU and 120 s contact time, while at 2 Although the bactericidal activity observed, in the present study, by the quaternary ammonium compounds was efficient and it could be an option in the washing processes of fruit and vegetables, a greater understanding of the virucidal and protozoacidal action is clearly needed.
